trade using an improved index decomposition approach (IDA) 15, 19 
53
Magnitude and intensity of emissions embodied in Chinese exports 54 Figure 1 shows the top 5 countries and the top 5 Chinese provinces whose exports (first row),
55
imports (second row) and net trade (third row) embody the greatest CO2 emissions (first column),
56
including the greatest emissions per unit of economic output (second column) and per capita
57
(third column). China is the largest net exporter of embodied emissions, by a large margin (Fig. 
58
1g) with 8 times more emissions embodied in its exports than its imports (Figs. 1a and 1d) . In 59 contrast, this ratio of emissions embodied in exports to imports is much less in other major 60 exporting nations (e.g., 0.5 in the U.S., 0.5 in Japan, 1.3 in India, 1.2 in Canada, 0.5 in Germany 61 and 1.5 in Australia).
62
All of the 30 Chinese provinces assessed are net exporters of embodied emissions, meaning that 63 in all cases the emissions embodied in exports exceed the emissions embodied in imports. Figure   64 1 also highlights the significance of particular Chinese provinces; 7 of the top 10 net exporting 65 regions are Chinese provinces-larger than many large nations (Fig. 1g) . Furthermore, the ratio
66
of emissions embodied in exports to imports in these Chinese provinces is immense: 11 of
67
China's 30 provinces export more than 10 times as much emissions as they import, including
68
Xinjiang, Shanxi, and Hebei, whose export-import ratios are the largest of any region in our 
76
which comprise all of the top 10 regions in this category (Fig. 1b) . The provinces with the 77 greatest emissions intensity of exports also tend to be less economically developed; provinces
78
where GDP is less than $4,000 per capita show the largest difference in the emission intensity of 79 exports and imports (Extended Data Fig. 1 ). About 80% of China's export-related emissions are produced by these poorer regions where the emissions intensity of exports is more than 5 times the emissions intensity of imports. For example, in Guizhou, where per capita GDP was $900 in intensity of imports (Extended Data Fig. 1 Fig. 3b ), but the share of emissions related to Chinese consumption 118 of metals that is imported is much lower: 11% .
119
Overall, Figure 3 highlights that, across many industry sectors, the share of European 120 consumption (import from other countries) is consistently greater that the share of produced
121
emissions that are exported, and the opposite is true for China. These trade imbalances are 122 evident for both industries (yellow circles) and secondary industries (red and purple circles).
123
A second factor influencing emissions embodied in trade is the trade structure. Figure 4 shows 124 the industry categories that make up Chinese imports, exports and domestic consumption.
125
Emissions embodied in heavy, energy-intensive products such as metal and non-metal products
126
and equipment make up much larger shares of China's exports (37% and 22%, respectively) than 127 its imports (19% and 16%, respectively; light green and dark blue bars in Fig. 4 
136
The third major factor is emissions intensity, or CO2 emissions per dollar of output in each 
166
(shown combined with (3) as emissions intensity, purple bars).
167
On average, the high energy intensity of sectors and the coal-dominated energy mix accounted 168 for 43.3% and 43.0% of the net emissions embodied in exports, respectively (Fig. 5) 
291 292
Methods (online only)
294
Production-based accounting of emissions. Emissions resulting from combustion of fossil fuels or 295 cement production within a territory, or production-based emissions, are the primary basis for national 296 emission inventories 30, 31 . For example, the methodology prescribed in IPCC guidelines for greenhouse gas
297
(GHG) emission inventories calculates production-based emissions based on activity data in the region (i.e.
298
the amount of energy consumption) and the associated emission factors (i.e. GHG emissions per unit 299 energy consumption), the emission factors are based on in situ measurements in which the value is lower 300 than IPCC suggested 30 .
301 
303
Emission factors can be further disaggregated into net heating value of certain fuel "V", carbon content "F"
304
and oxidization rate "O".
305
306
Detailed calculation process can be seen in literature 30 .
308
Consumption-based accounting of emissions. An alternative to production-based accounting of CO2
309
emissions is to compile inventories according to where related goods and services are ultimately consumed.
310
Such a consumption-based method accounts for inter-regional exchange of energy supply, goods and 311 materials by adding emissions embodied in imports to the production-based total and subtracting emissions 312 embodied in exports.
313
The emissions embodied in a region's imports and exports can be calculated using environmentally-
extended input-output analysis (EIO). Environmentally-extended multi-regional input-output (MRIO)

315
analysis has been widely developed for calculating the embodied carbon emission 8, 11, 23 
334
where E describes CO2 emissions embodied in imports or exports, Q is the GDP value of imports or exports,
335
Si refers to the share of the GDP value for sector i, Ii to energy intensity of sector i and Fi refers to the 
341
Where E is the difference between the CO2 emissions embodied in exports (E 
353
Estimates of sectoral level imported and exported CO2 emissions
354
In a region IO model, a regional economy is considered as its system boundary, thus exports are 
363
By assuming fixed production ratios, we obtain the technical coefficients, , the ratio of input to 364 output, by diving by :
Thus, Equation (S1) can be re-written as:
368
Where ( − ) −1 is Leontief inverse matrix for region r.
369
CO2 emissions are estimated based on the direct emission intensity, in each sector in region r.
370
= / (S4)
371
Therefore, the total embodied emissions (direct and indirect) in exports from region r to region s can 372 be calculated by:
where is a vector of embodied CO2 emissions in sectoral exports of region r to region s; is a 375 row vector of sectoral emissions intensities in region r; ̂ is a matrix with sectoral export from 376 region r to region s on diagonal.
377
In turn, the total embodied emissions in imports from region s to region r can be estimated by:
where is a vector of embodied CO2 emissions in sectoral imports of region s to region r; is a 380 row vector of sectoral emissions intensities in region s; ̂ is a matrix with sectoral import from 381 region s to region r on diagonal.
383
Emissions and trade data. In this study we estimate emissions from fossil fuel energy combustion and 384 cement production, which together account for about 90% of GHG emissions produced in China. 
